Discussion on Carbon Isotope Distribution Characteristics of Coalbed Methane and Gas Genetic Types  by Sun, Siqing et al.
 Procedia Earth and Planetary Science  3 ( 2011 )  325 – 330 
doi: 10.1016/j.proeps.2011.09.101 
Available online at www.sciencedirect.com
2011 Xican International Conference on Fine Geological Exploration and Groundwater 
& Gas Hazards Control in Coal Mines 
 
Discussion on Carbon Isotope Distribution Characteristics of 
Coalbed Methane and Gas Genetic Types 
Siqing Sun*ˈGuihong LiˈHongtao An 
Xiÿan Research Institute of China Coal Technology & Engineering Group Corp, Xi’an 710054 China 
Abstract
Using the measured results of coalbed methane (CBM) į13C1 of more 170 groups, the paper has analyzed the 
distribution characteristics and statistical regularity of į13C1 in coal seam gas in China. The values of į13C1 are 
between -73.3‰ ~ -27.3‰, increasing with the coal rank in general, and after anthracite, the value of į13C1 goes to be 
stably fluctuating around -35‰. Based on the variation relationship between carbon isotope of CBM and coal rank, 
using the Rmax of coal vitrinite in coal as index, the origin of the coal seam gas is divided into three categories: 
secondary biogenetic gas, mixed genetic gas and thermogenetic gas. In addition, the paper has pointed out the gas 
genetic types of partial coal mining areas in our country. 
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CBM is a kind of the non-conventional natural gas with self generation and self storage, its popular 
name in coal mine is mine gas, and its main component is methane. In the early study period, it was 
considered that the CBM all belong to the thermogenetic gas. After studied the CBM in US coal-bearing 
basins, C. T. Rightmire et al suggested that the CBM has two genetic mechanisms: biogenetic and 
thermogenetic. In 1994, in the process studying the distribution regularity of the coal seam overpressure 
zone and its genesis in the San Juan Basin, and based on the geochemistry data of the stable isotope and 
the correlated physical simulation experiment results, A. R. Scott et al [1] suggested the secondary 
biogenesis viewpoint about the CBM, and estimated that in the Fruitland coal measures in northern part of 
 
* Corresponding author. Tel:  +86-29-87850414 
E-mail address: x5135@sohu.com.  
1878–5220 © 2011 Published by Elsevier Ltd.
 Selection and peer-review under responsibility of China Coal Society
© 2011 Published by Elsevier Ltd.
 Selection and peer-review under responsibility of China Coal Society
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
326   Siqing Sun et al. /  Procedia Earth and Planetary Science  3 ( 2011 )  325 – 330 
the basin there has the secondary biogenetic CBM of 15% ̚ 30%. Zhang Xiaojun et al [2] estimated that 
the occupied highest proportion of the secondary biogenetic gas in CBM in the Huainan Coalfield in 
China attains to 79%, and the lowest one also attains to 43%. It indicates that the biogenetic CBM all 
have the important contributions to the CBM content and resource enrichment forming the reservoir. 
The formation condition of the coal seam, coal quality property, organic matter abundance and type, 
and the coalification degree all directly affect the genesis of the CBM. The carbon isotope of methane is 
one of the effective indexes for recognizing the genetic type of the CBM; the carbon isotope component 
of methane with biogenesis is very light, in general, it is considered that the į13C1 value less than -55‰ 
should belong to the biogenetic gas [1,3,4]; Smith et al [5] considered that the highest į13C1 value of the 
biogenetic gas also can attain to -50‰. With respect to the aspects about the distribution of the carbon 
isotope in CBM in China and its control factors and so on, the predecessors had conducted the correlated 
studies [6-11] and discovered that the secondary biogenetic gas is existed in partial coalfields in China, 
but the study and analysis data are restricted to individual mining area or some coalfields, The CBM with 
different genetic types have the different generation mechanism, their components and carbon isotope 
features all have the larger difference, and that have the important roles for analyzing the CBM generation, 
storage, migration and enrichment and so on. Therefore, to develop the study on the carbon isotope 
distribution of CBM within the scope of the country, and further to discuss the genetic type of the coal 
seam gas in our country, it has the important significance for assessing the CBM resource and predicting 
the occurrence distribution regularity of the coal seam gas. 
1.  Carbon isotope distribution of CBM 
1.1. Sampling and test results of test samples 
The test samples in this time are mainly sampled from 32 coal-bearing areas in 13 provinces and 
regions, the sampled data are more 170 groups, of which, 143 groups data are measured in this study 
process. In order to let the analysis cover various areas, various coal-forming ages and coal with different 
metamorphic degrees in our country as far as possible, in the data statistic analysis process it also acquires 
the test results from partial document data, accounting for 28 groups. The samples concern to Paleozoic 
Carboniferous and Permian, Mesozoic Triassic, Jurassic and Cretaceous; the Rmax of vitrinite of coal 
samples ranges in 0.29%Њ4.77%, covering various coal ranks from brown coal to anthracite II. The 
sampling paths of gas samples are mainly three paths, one is the underground gas drainage system in coal 
mine, second is the sample canister of the surface CBM content test, and third is the surface CBM suction 
system. The sampling situations and the test results of the samples are listed in Table 1. According to the 
measured data, the correlation relation map between the į13C1 value of CBM and the Rmax of vitrinite of 
coal is drawn up as shown in Fig.1. 
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Fig.1.  The relationship between CBM carbon isotope and the Rmax of vitrinite of coal 
Table 1.   Measured results of CBM carbon isotope and sample collection regions  
į13C1 /‰ (PDB) į13C1 /‰ (PDB) Mining area or 
coalfield 
Rmax 
/% Distribution 
interval 
Mea
n 
Mining area or 
coalfield 
Rmax 
/% Distribution 
interval 
Mea
n 
Hailar 0.29  -72.9  -72.9 Nantong 1.20-1.8 -32.3̚-
41.7 
-37.0 
Shaer Lake 0.44  -62.1 -62.1 Hancheng 1.82 -48.0̚-
47.9 
-48.0 
Fushun 0.52  -55.8̚-
55.9 
-55.8 Liupanshui 1.93-
1.96 
-38.0̚-
33.2 
-35.6 
Qidaowan 0.64-
0.74 
-73.3̚63.9 -70.9 Heyang 1.77-
2.02 
-41.3̚-
38.0 
-39.9 
Huainan 0.70-
0.77 
-65.5̚-
48.1 
-59.0 Baotian-Qingshan 1.82-
2.33 
-43.9̚-
34.6 
-39.0 
Tangshan 0.82-
0.88 
-66.9̚-
52.4 
-59.0 Weixin 2.08-
2.14 
-35.9̚-
31.5 
-34.0 
Linxian 0.85-
0.96 
-65.9̚-
56.7 
-61.3 Mengjin 2.18-
2.23 
-31.0̚-
28.3 
-29.2 
Huozhou 0.87-
0.96 
-61.7̚-
56.3 
-59.7 Shangqiu 2.31-
2.33 
-39.1̚-
39.0 
-39.1 
Shuicheng 1.20-
1.26 
-55.8̚-
53.3 
-54.6 Yangquan 2.44-
2.80 
-40.4̚-
40.3 
-40.4
Liu;in 1.23-
1.36 
-53.4̚-
50.7 
-52.1 Zijiang 3.00-
3.07 
-27.9̚-
27.3 
-27.6
Erhong 1.24-
1.43 
-54.5̚-
47.9 
-51.3 Yuwang 2.60-
3.05 
-39.2̚-
34.7 
-36.3 
Pingdingshan 1.27-
1.57 
-42.7̚-
36.1 
-36.7 Zhengzhuang, Jincheng 2.6-3.76 -31.8̚-
29.6 
-32.7 
Fengcheng 1.46-
1.58 
-54.8̚-
46.7 
-50.4 Jiulishan and 
Zhongmacun 
3.77-
4.02 
-42.9̚-
35.1 
-38.3 
Shilou 1.50-
1.95 
-38.0̚-
36.2 
-40.4 Daning 4.02-
4.07 
-37.2̚-
34.7 
-35.5 
Zhongliangsha
n 
1.49-
1.61 
-39.1̚-
33.9 
-36.5 Panzhuang, Jincheng 4.17-
4.36 
-36.9̚-
31.4 
-34.2 
Caishandong 1.69-
1.72 
-41.3̚-
38.8 
-39.6 Encun, Jiaozuo 4.54-
4.77 
-35.9̚-
29.4 
-33.4 
 
1.2 . Carbon isotope distribution features of CBM 
From the statistics of the test data in Table 1, it is indicated that the Rmax of vitrinite of coal ranges in 
0.29%Њ4.77%, the distribution scope of the į13C1 value of CBM in our country is  -73.3‰̚-27.3‰, 
and the distribution scope of the į13C1 value is wide generally. From the coal- forming age and 
distribution space it can be seen that the nearer the coal-forming age the smaller the į13C1 value, the į13C1 
value of the northern coal seams is smaller than that in the southern coal seams, and the measured points 
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with the į13C1 value < -55% are mostly concentrated in the Jurassic and Cretaceous coalfields in 
Northwest and Northeast regions. 
From the statistic results of the carbon isotope į13C1 value of the coal with different metamorphic 
stages measured in various mining areas or coalfields, it can be seen that when the Rmax of vitrinite of coal 
ranges in 0.29%Њ0.74%, the į13C1 value ranges in -73.3‰̚-55.8‰, and it indicates that the CBM is 
mainly the biogenetic gas; when the Rmax ranges in 0.74%Њ1.43%, i.e., from the long-flame coal to the 
coking coal stage, the į13C1 value ranges in -66.9‰̚-47.9‰, and it indicates that the CBM is both the 
biogenetic gas and thermogenetic gas; when the Rmax ranges in 1.46%Њ4.77%, the į13C1 value ranges in -
54.8‰̚-27.3‰, and it indicates that the CBM is mainly the thermogenetic gas. 
From Fig.1 it can be seen obviously that the carbon isotope value of CBM is increased with the 
increase of the metamorphic degree of coal generally. After the anthracite stage, the variation of į13C1 
value trends to stable, and the value is fluctuating around -35‰. Based on the variation trend of the į13C1 
value with coal rank, whole variation process can be divided into following several stages: when the Rmax 
is  1%, the į13C1 value is enlarged with the increase of the metamorphic degree of coal, and the linear 
relation of the variation trend is more obvious; when 1% < Rmax < 2.5%, į13C1 value is enlarged with the 
increase of the metamorphic degree of coal, and without the linear relation. When 2.5% < Rmax < 4.77%, 
į13C1 value is enlarged no longer with the increase of the metamorphic degree of coal, and trends to stable. 
2.  Division of genetic type of coal seam gas 
2.1 Division indexes of genetic type of coal seam gas 
Internationally it is considered universally that the genesis of CBM is divided into two large types: 
biogenetic gas and thermogenetic gas; and the biogenetic gas can be further divided into primary 
biogenetic gas and secondary biogenetic gas. The primary biogenetic gas is mainly generated in the early 
stage of the coal metamorphism, in this stage the coal seam is buried in shallow part and the pressure is 
low, and the pore is occupied basically by the water, let the primary biogenetic gas is escaped or is solved 
in the formation water, and it is separated from the coal in the compaction and coalification process 
thereafter. Commonly, it is considered that the primary biogenetic gas is very difficult to reserve in the 
later coal seam, therefore, now the so-called biogenetic gas of the coal seam mainly refers to the 
secondary biogenetic gas. Internationally it is considered that when the į13C1 value is less than -55‰, it 
belongs to the biogenetic gas. 
With respect to certain mining area, the gas in coal seam could be the biogenetic gas or the 
thermogenetic gas, and it also could be the mixed gas of the biogenetic gas and the thermogenetic gas. In 
order to master macroscopically the genetic types of the coal seam gas in various mining areas in our 
country, in convenient to analyze the factors affecting the coal seam gas occurrence, and further to predict 
correctly the distribution regularity of the coal seam gas occurrence, according to the variation relation 
between the carbon isotope value of CBM and the coal rank in our country, and taking the Rmax of 
vitrinite of coal as the classification index of the coal seam gas genesis, the coal seam gas genesis in our 
country is divided into three categories: secondary biogenetic gas, mixed-genetic gas and thermogenetic 
gas. The concrete classification scheme is shown in Table 2. 
Table 2.   Genetic classification of coal seam gas in China 
Rmax of vitrinite of coal (%) Genetic type of coal seam gas  Remark 
Rmax< 0.60 Secondary biogenetic gas Whole į13C1 value < -55‰ 
0.6 < Rmax< 1.50 Mixed-genetic gas Partial į13C1 value < -55‰ 
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Rmax > 1.5 Thermogenetic gas Whole į13C1 value > -55‰ 
2.2.  Genetic type of coal seam gas in typical mining areas 
Utilizing the above established genetic classification system of the coal seam gas, the genetic type of 
the coal seam gas in typical coal mining areas or coalfields in our country is divided by way of trial, as 
shown in Table 3. From 32 coal-bearing areas which are inspected, it can be seen that the coal seam gas 
in our country is mainly the thermogenetic gas, the second is the mixed- genetic gas, and the secondary 
biogenetic gas is the least. Moreover, the secondary biogenetic gas is mainly concentrated in the low-
metamorphic coal seams in the Xinjiang, Inner Mongolia and Northeast areas. 
Table 3 .  Genetic types of coal seam gas of some mining areas in China 
Genetic type Mining area or coalfield Remark
Secondary biogenetic 
gas 
Hailaer, Shaer Lake, Fushun  
Mixed-genetic gas Huainan, Tangshan, Huozhou, Shuicheng, Enhong  
Thermogenetic gas 
Liulin, Shilou, Zhongliangshan, Caishandong, Liupanshui, Heyang, 
Baotian- Qingshan, Weixin, Mengjin, Shangqiu, Yangquan, Zijiang, 
Yuwang, Jincheng, Jiaozuo 
 
3.  Conclusions 
According to the measured results of the carbon isotope of CBM of more 170 groups from 32 mining 
areas or coalfields in 13 provinces and regions, it can be seen that the distribution scope of the carbon 
isotope of CBM in our country ranges in -73.3‰̚-27.3‰. The carbon isotope value of CBM is 
increased with the increase of the coal metamorphic degree generally, after the anthracite stage the 
variation of į13C1 value trends to stable, and the value is fluctuating around -35‰. The statistic result 
exhibits that the nearer the coal-forming age the smaller the į13C1 value, and the į13C1 value of the 
northern coal seams is smaller than that in the southern coal seams. 
According to the variation relation between the carbon isotope value of CBM and the coal rank in our 
country, and taking the Rmax of vitrinite of coal as the classification index, the coal seam gas genetic type 
in our country is divided into three categories: secondary biogenetic gas, mixed-genetic gas and 
thermogenetic gas. From the statistic situations of 32 coal-bearing areas, it can be seen that the coal seam 
gas in our country is mainly the thermogenetic gas, the second is the mixed- genetic gas, and the 
secondary biogenetic gas is the least. 
In this study process, the sampling point and tested amount in partial mining area all are limited, and 
the CBM genetic type division of various mining areas should be verified further. In addition, the 
methane carbon isotope value of coal seams from other mining areas or coalfields in China yet needs to 
measure in order to further study the mine gas type.  
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